In polarized cells, newly synthesized proteins are sorted in the trans-Golgi network and from there delivered to either the apical or basolateral membranes. Madin-Darby canine kidney (MDCK) cells have been widely used as a model system to study sorting determinants to the apical and basolateral surfaces. Whereas sorting signals for basolateral transmembrane proteins seem to reside in their cytoplasmic domains, apical determinants appear to reside in the N-glycans of secretory proteins or in the glycolipid tails of glycosylphosphatidylinositol-linked proteins. We show in this study that a surface-expressed form of CD3-⑀, a nonglycosylated type I membrane protein, is exclusively targeted to the apical membrane in MDCK cells by a glycolipid-independent transport pathway. Deletion of the cytoplasmic tail does not affect its distribution, whereas deletion of the transmembrane domain results in secretion from both surfaces although still predominantly through the apical membrane. The transmembrane domain of CD3-⑀ appended to rat growth hormone, a secretory protein that lacks apical and basolateral determinants, promotes basolateral localization of the chimeric protein. However, a growth hormone chimera containing both the transmembrane and cytoplasmic domains of CD3-⑀ resulted in localization to the apical and basolateral membranes. These results suggest there are multiple determinants in CD3-⑀ that affect its distribution in polarized MDCK cells. Whereas the transmembrane domain contains a basolateral determinant, the ectodomain and the cytoplasmic domain contain apical determinants.
The elucidation of the molecular mechanisms used by animal cells to generate and maintain an asymmetric distribution of cell surface components is one of the central focuses in cell biology (1, 2) . The renal epithelial MDCK 1 cell line has been widely chosen as a model for the study of cell polarity because of its capability to differentiate apical and basolateral membrane domains (3) . Whereas it is established that sorting to the basolateral membrane is mediated by signals in the cytoplasmic tail of transmembrane proteins, the molecular mechanism of apical sorting is still controversial (4) . It seems there is more than one mechanism to route membrane proteins to the apical surface. The glycosylphosphatidylinositol (GPI) moiety acts as an apical determinant for proteins attached to the membrane via a GPI anchor (5, 6) . These proteins become detergentinsoluble during transport through the Golgi because of their clustering with glycolipids and cholesterol (7) . It has been proposed that glycolipids and GPI-anchored proteins are cosorted in the trans-Golgi network into vesicular carriers that transport lipids and proteins to the plasma membrane (8) . Although this model might be valid for GPI-anchored proteins and a reduced number of transmembrane proteins (9) , other mechanisms seem to operate for the majority of the apical integral membrane proteins (4, 10) . The fact that the removal of the membrane anchor and the cytoplasmic tail from an apical transmembrane protein still results in apical secretion of the anchorless protein was interpreted as either apical transport operating by a default mechanism or signals for apical transport residing in the ectodomain (4) . In the latter case, taking into account that all those experiments were done using transmembrane glycoproteins and that N-glycans act as apical sorting signals in secretory proteins (11) , it cannot be excluded that the N-glycans present in the ectodomains of integral glycoproteins are themselves the sorting signals (12) .
We have taken advantage of the lack of N-glycosylation sites in the CD3-⑀ chain of the T cell antigen receptor complex (13) (14) (15) to use this protein as a tool to address the questions on whether N-glycans are required for apical sorting of transmembrane proteins and whether apical sorting signals might exist in internal regions of apical integral membrane proteins. As we have found CD3-⑀ selectively present in the apical surface of polarized MDCK cells and excluded from glycolipid-enriched membrane microdomains, we can conclude that apical sorting determinants other than N-glycans exist in this protein. Analysis of CD3-⑀ deletion mutants and rat growth hormone (GH) chimeras carrying different domains of CD3-⑀ revealed the existence of sorting determinants in the ectodomain, transmembrane domain, and cytoplasmic region of CD3-⑀. These results suggest the existence of multiple signals in CD3-⑀ that can be decoded by the sorting machinery of MDCK cells. The hierarchical order of these signals results in the apical localization of the molecule. Thus, the possibility that integral membrane proteins use peptidic sorting signals for apical targeting is open. region of human CD3-⑀, was obtained as described (17) . Anti E-cadherin and anti-caveolin monoclonal antibodies were from Transduction Laboratories (Lexington, KY). Monkey anti-rat GH antibodies (anti-rat GH-IC-1 antisera, lot AFP 411S) were obtained from the National Hormone and Pituitary Program. Rat GH cDNA was a generous gift from Dr. J. L. Castrillo (Centro de Biología Molecular, Madrid).
DNA Constructs-Deletion mutant 12 (⑀del12), which lacks the last five carboxyl-terminal amino acids of human CD3-⑀, and ⑀del13, which lacks the transmembrane domain, were constructed in the expression vector pSR␣ as described (18) . Constructs in pSR␣ encoding the rat GH appended either to the transmembrane and cytosolic domains of CD3-⑀del12 or to the transmembrane domain alone were made by polymerase chain reaction splicing by overlap extension (19) , using specific oligonucleotide primers and the rat GH and CD3-⑀ cDNAs as templates. Three additional glycine residues were introduced as spacers at the junction between the GH and CD3-⑀ sequences.
Transfections-Transfections of MDCK cells were carried out by electroporation using a BTX 600 electroporation equipment (BTX, San Diego, CA). Selection of stable transfectants was carried out by treatment with 0.5 mg/ml G418 sulfate (Life Technologies, Inc.) for at least 4 weeks after transfection. Drug-resistant cells were picked up with cloning rings, individual clones were screened by immunofluorescence analysis, and positive clones were maintained in drug-free medium.
Immunofluorescence Analysis-Cells were seeded on 10-mm diameter coverslips (Thomas Scientific, Swedesboro, NJ) and, 24 h later, fixed for 20 min with 2% paraformaldehyde (Merck) in phosphate-buffered saline (PBS) at room temperature. The fixative was subsequently removed after three washes with 1 ml of PBS, and the cells were permeabilized by treatment with 0.1% (v/v) saponin (Sigma) plus 1% bovine serum albumin (Sigma) in PBS for 1 h at room temperature. For unpermeabilized cells, samples were incubated with 1% bovine serum albumin in PBS without saponin. Afterward, the coverslips were incubated with 2-4 g/ml purified antibody for 30 min and washed three times with PBS. The coverslips were then incubated with a 1/100 dilution of fluorescein isothiocyanate-labeled goat anti-mouse IgG antibody (Southern Biotechnology, Birmingham, AL), washed three times with PBS, and mounted in Mowiol (Aldrich, Milwaukee, WI) prepared as described (20) . The cells were examined in a Zeiss Axioskop microscope and photographed using Kodak T-Max 400 film.
Immunoprecipitation and Immunoblot Analyses-Detergent cell lysates were clarified by centrifugation at 12,000 rpm for 15 min in an Eppendorf centrifuge. The supernatants were subjected to three rounds of preclearing with 10 l of protein G-Sepharose beads (Sigma) preloaded with nonimmune mouse serum. The preclearings were performed at 4°C for 1 h. After the last preclearing, immunoprecipitations were performed for 4 h at 4°C with 10 l of protein G-Sepharose beads preloaded with 2-4 g of purified APA 1/1 or anti E-cadherin antibodies. The immunoprecipitates were subsequently washed 5 times with 1 ml of lysis buffer and loaded onto 12% polyacrylamide gels. After electrophoresis, the gels were either dried and exposed to a Fuji imaging plate (Fuji Photo Co., Japan) or, alternatively, transferred to nitrocellulose membranes (Bio-Rad) for immunoblotting. The membranes were subsequently blocked in 10% dry skim milk in PBS for 1 h and incubated with streptavidin peroxidase (Amersham Life Science, Inc.) in a 0.1% Tween 20/PBS solution for 1 h at room temperature. The membranes were washed six times for 5 min with 200 ml of Tween 20/PBS solution and developed using an enhanced chemiluminescence Western blotting kit (ECL, Amersham) according to the manufacturer's specifications. For reprobing, the filters were stripped by a 5-min incubation at 55°C in 62.5 mM Tris-HCl, pH 6.8, 2% sodium dodecyl sulfate, 100 M 2-mercaptoethanol and blocked in 10% skim milk in PBS. Afterward, the filters were incubated with 1 g/ml solutions of APA1/1 or anti-E-cadherin antibodies in Tween 20/PBS for 1 h at room temperature and washed three times for 5 min in Tween 20/ PBS. A peroxidaseconjugated sheep anti-mouse IgG antibody (Amersham) was added for 30 min in Tween/PBS, and the filters were finally washed six times in Tween 20/PBS before the enhanced chemiluminescence reaction was carried out.
Domain-selective Biotinylation-For specific labeling of apical and basolateral domains, MDCK cells were seeded at confluent levels on 24.4-mm polycarbonate tissue culture inserts (Transwell; Costar Corp., Cambridge, MA) and harvested after 5 days. Sealing of the monolayer was monitored by measuring the transepithelial electric resistance using a Millicell ERS voltameter (Millipore Corp.). After repeated washings with ice-cold PBS containing 0.1 mM CaCl 2 and 1 mM MgCl 2 (PBS-C/M), 0.5 mg/ml sulfo-N-hydroxysuccinimide-biotin (Pierce) in PBS-C/M was added either to the apical or to the basolateral compartment of the filter chamber. After 30 min at 4°C, the solution was removed, and remaining nonreacted biotin was quenched by incubation with ice-cold serum-free Dulbecco's modified Eagle's medium. Monolayers were finally washed with PBS and extracted with 0.15 M NaCl, 25 mM MES, pH 6.5, 1% Triton X-100, 60 mM octyl glucoside for 30 min on ice. Extracts were then subjected to immunoprecipitation as above.
Detergent Extraction Procedures-To analyze the possible presence in detergent-insoluble membranes of ⑀del12 during biosynthetic transport, we used the procedure of Skibbens et al. (9) . Briefly, stably transfected MDCK cells were pulse-labeled for 5 min with a [
35 S]methionine/ cysteine mixture (ICN, Costa Mesa, CA) and chased for the indicated times before they were lysed for 20 min on ice in an extraction buffer containing 0.15 M NaCl, 25 mM HEPES, pH 7.5, 1% (v/v) Triton X-100, and a mixture of protease inhibitors. The extract and the insoluble material were collected and centrifuged for 1 min in a microfuge at 14,000 rpm at 4°C. The supernatants were harvested, and the pellets were solubilized in 100 l of buffer containing 50 mM Tris, pH 8.5, 5 mM EDTA, and 1% SDS, heated for 3 min at 95°C, and passed through a 22-gauge needle several times. Finally, the solubilized pellets and the Triton X-100-solubilized supernatants were brought to the same volume and buffer conditions for immunoprecipitation.
The procedure used to prepare Triton X-100-insoluble membranes by centrifugation to equilibrium in sucrose density gradients was essentially as described by Brown and Rose (7) . Cells grown to confluency in four 100-mm dishes were rinsed with PBS and lysed for 20 min in 1 ml of 150 mM NaCl, 25 mM Tris-Cl, pH 7.5, 5 mM EDTA, 1% Triton X-100 at 4°C. The lysate was scraped from the dishes with a rubber policeman, the dishes were rinsed with 1 ml of the same buffer at 4°C, and the lysate was homogenized by passing the sample through a 22-gauge needle. The lysate was brought to 40% sucrose in a final volume of 4 ml and placed at the bottom of an 8-ml 5-30% linear sucrose gradient. Gradients were centrifuged for 18 h at 39,000 rpm at 4°C in a Beckman SW 41 rotor. Fractions of 1 ml were harvested from the bottom of the tube, and aliquots were subjected to immunoblot analysis.
RESULTS AND DISCUSSION
The T cell receptor CD3-⑀ chain appeared to be a good model to examine the distribution of nonglycosylated integral membrane proteins in polarized cells. The human protein as well as the canine, rat, and murine sequences (not shown) lacks any putative N-glycosylation site. In addition, deglycosylation procedures on the human protein suggested that CD3-⑀ not only lacks N-linked sugars but O-linked as well (13, 14) . Although CD3-⑀ is retained in the endoplasmic reticulum (ER) of transfected non-T cells, we had a panel of deletion and point mutants that eliminated a cytoplasmic ER retention signal and were surface-expressed in COS cells (18, 21) . A mutant lacking the last five C-terminal amino acids of CD3-⑀ (mutant ⑀del12; Fig.  1 ) was transiently transfected into MDCK cells, and the expression of the protein in nonpermeabilized and detergentpermeabilized cells was examined. As expected, this mutant is not ER-retained and is expressed on the cell surface (Fig. 2) . However, whereas staining of CD3-⑀ in nonpermeabilized cells shows a uniform pattern with some detectable microvilli, surface staining of E-cadherin, a basolateral membrane protein (22) , was negligible. In permeabilized cells, the staining pattern of CD3-⑀ was similar to that of nonpermeabilized cells, although some internal labeling was also evident. By contrast, anti-E-cadherin antibodies gave a typical ring-like staining characteristic for basolateral proteins. These data suggest that most of the ⑀del12 protein is at the apical membrane, although the presence of some ⑀del12 at the basolateral membrane could not be ruled out. To quantitate the expression of ⑀del12 in both apical and basolateral membranes, stable clones of MDCK cells expressing ⑀del12 were obtained. One of these clones was seeded at high density on polycarbonate filters and cultured until the transepithelial electrical resistance reached Ͼ1000 ⍀.cm 2 . Cells were surface-labeled from the apical or the basolateral sides using a water-soluble biotinylation reagent, lysed, and immunoprecipitated with the anti-CD3-⑀ antibody APA1/1. As shown in Fig. 3 , CD3-⑀ was labeled when the biotinylation reagent was added to the apical side and not when added to the basolateral chamber compartment. By contrast, E-cadherin was almost exclusively labeled when the reagent was added to the basolateral side. As control of the immunoprecipitation procedure, the nitrocellulose membranes containing the CD3-⑀ or E-cadherin immunoprecipitates were incubated with their respective antibodies to show that total (biotinylated and not biotinylated) levels of CD3-⑀ and E-cadherin were equivalent in both the apical and basolateral immunoprecipitates.
It has been demonstrated that N-linked glycans constitute sorting signals for transport of secretory glycoproteins to the apical membrane (11) . N-Glycan-independent sorting of secretory proteins has also been recently reported (23) . Although it has not yet been determined whether membrane proteins also use glycans as sorting signals, it is likely that they might do so because many apical transmembrane proteins are known to contain apical signals in their extracellular domains (4). However, Fig. 3 shows that, in the absence of glycosylation, ⑀del12 is exclusively transported to the apical membrane and suggests that CD3-⑀ has an amino acid sequence-based sorting signal. Alternative to the existence of a peptidic apical sorting signal in CD3-⑀, the mutants analyzed could be transported to the apical surface through glycolipid-enriched, detergent-insoluble membrane clusters in a similar way as the transport of GPI-linked proteins. We used centrifugation to equilibrium in sucrose density gradients of Triton X-100 extracts from stably transfected MDCK cells to analyze the possible presence of ⑀del12 in detergent-resistant membranes (7) . Fig. 4A shows that ⑀del12 was exclusively detected in the soluble fractions (fractions 1-4). As a control of the fractionation procedure, we analyzed in parallel the distribution of caveolin, a protein present in detergent-insoluble membranes, which was found in the buoyant, insoluble membrane fractions (fractions 7-10). Although at steady state CD3-⑀ is not found in glycolipid-enriched complexes, it could become associated with them during transport to the cell surface. To analyze the possible association of CD3-⑀ with glycolipid clusters after biosynthesis, newly synthesized proteins were metabolically labeled for 5 min, chased for different times, and separated into detergent-soluble and -insoluble fractions by centrifugation (9) . Immunoprecipitation analysis of the fractions obtained indicated that CD3-⑀ did not become incorporated after biosynthesis into the detergent-resistant membrane fraction (Fig. 4B) . As a control for this fractionation procedure, all the fractions were analyzed by immunoblotting with anti-caveolin antibodies to show that, at steady state, caveolin was mainly present in the insoluble membrane fractions, in agreement with previous reports (24) .
The cytoplasmic tail of CD3-⑀ contains two sequences consisting of a tyrosine followed in position ϩ3 by leucine or isoleucine, which fits into the consensus sequences for basolateral transport signals (4). However, these sequences do not seem to be operative as basolateral signals or alternatively, their activity is masked by an apical signal. In a first attempt Numbers at the end of each molecule indicate the first and last amino acids of CD3-⑀ present in the molecule. The internal deleted region in the CD3-⑀del13 construct comprises amino acids 105-130. For the GH/ CD3-⑀ chimeric constructs, the GH amino acid sequence was appended to amino acids 102-133 (GH/CD3-⑀ TM) or to amino acids 102-185 of CD3-⑀ (GH/CD3-⑀ TMC), in which a replacement of arginine 183 by lysine was introduced to inactivate the ER retention signal present in the wild type (wt) CD3-⑀ molecule. Three glycine residues were introduced as spacers at the joining of the GH and CD3-⑀ sequences in the two chimeric proteins.
FIG. 2. Cellular distribution of ⑀del12 in polarized MDCK cells.
MDCK cells were transiently transfected with ⑀del12 cDNA and 48 h later were fixed and permeabilized with saponin (ϩsap) or left unpermeabilized (Ϫsap). Afterward, staining was performed with anti-CD3-⑀ antibody SP34 and with anti-E-cadherin antibody. Photographs were taken at a magnification of 630 ϫ.
FIG. 3. CD3-⑀del12 is exclusively expressed on the apical membrane of polarized MDCK cells.
A clone of MDCK cells stably transfected with the mutant in the ER retention signal of CD3-⑀, ⑀del12, was seeded at high density on polycarbonate filters and labeled with sulfo-N-hydroxysuccinimide-biotin from both sides of the cell monolayer. Labeled cells were detergent-lysed and immunoprecipitated with nonimmune mouse serum (NMS) as a control or with anti-CD3-⑀ APA1/1 or anti E-cadherin antibodies. The immunoprecipitates were resolved on a polyacrylamide gel and transferred to a nitrocellulose membrane. The membrane was probed with streptavidin peroxidase to detect biotinylated CD3-⑀ or E-cadherin surface proteins. As a control for the efficiency of the immunoprecipitations, the same filter was stripped and re-probed with APA1/1 or anti-E-cadherin (cadh.) antibodies to show similar levels of total (surface ϩ internal) CD3-⑀ or E-cadherin on both apical and basolateral (BASOL.) immunoprecipitates.
to characterize the apical signal, MDCK cells were transfected with a deletion mutant of CD3-⑀ (⑀del13) lacking the whole transmembrane domain (Fig. 1) . This anchorless mutant has been previously shown to escape ER retention and to be secreted from transfected COS cells (18) . A stable clone expressing the protein was seeded at high density on polycarbonate filters and metabolically labeled with [
35 S]methionine/cysteine when the cell monolayers reached a transepithelial electrical resistance Ͼ1000 ⍀.cm 2 . The culture supernatants from both the apical and basolateral compartments were collected and immunoprecipitated with anti-CD3-⑀ antibody. Although no posttranslational modifications other than tyrosine phosphorylation (25) are known in CD3-⑀, in some cases it was clear that ⑀del13 appeared as two bands (Fig. 5A) . The existence of both bands could be due to partial reduction with 2-mercaptoethanol of the intrachain disulfide bridge presumed to exist in CD3-⑀ (15). The anchorless CD3-⑀ mutant, ⑀del13, was secreted through both plasma membrane domains although preferentially through the apical surface (Fig. 5A ). This suggests that removal of both the transmembrane and cytoplasmic domains results in a partial loss of the apical targeting observed in CD3-⑀del12. Thus, although CD3-⑀ might have a determinant in its ectodomain responsible for the preferential secretion of CD3-⑀del13 through the apical surface, the deletion of the transmembrane domain might have removed a second apical determinant required for the observed full apical polarity of CD3-⑀del12. The loss in ⑀del13 of this putative determinant implies that it should be located either in the transmembrane domain or in the cytosolic tail, since elimination of the transmembrane domain results in the lumenal localization of the CD3-⑀ cytoplasmic tail. Fig. 5B shows that removal of the cytosolic tail of CD3-⑀ (CD3-⑀ t , Fig. 1 ) results in full apical polarity of the resulting molecule. To demonstrate that the lack of CD3-⑀ labeling in the basolateral membrane was due to its complete localization in the apical membrane and not to a defective labeling of the basolateral surface, a control for basolateral membrane protein labeling was established after immunoprecipitation with anti-E-cadherin antibody and blotting with streptavidin peroxidase (Fig. 5B) . The full expression of CD3-⑀ t in the apical membrane suggests that either the transmembrane domain of CD3-⑀ contains a second apical determinant or that the membrane and secreted forms of CD3-⑀ have different requirements for apical transport. To investigate these possibilities, the presence of apical sorting determinants in CD3-⑀ was further investigated by appending some of its domains to rat GH, a soluble protein known to be randomly secreted through both the apical and basolateral surfaces (26) . Two new constructs were made to express chimeric GH proteins fused to either the transmembrane domain (Fig. 1, GH/CD3-⑀ TM) or to both the transmembrane and the cytosolic domains (Fig. 1, GH/CD3-⑀ TMC) of CD3-⑀. The constructs expressing the cytoplasmic domain of CD3-⑀ carried a mutation of arginine 183 to lysine that inactivates the ER retention signal of CD3-⑀ (18). These constructs   FIG. 4 . Analysis of CD3-⑀ solubility in Triton X-100. A, CD3-⑀ is not insoluble at steady state in Triton X-100 at 4°C. 1% Triton X-100 extracts from MDCK cells stably transfected with ⑀del12 were centrifuged to equilibrium in 5-30% sucrose gradients. After fractionation from the bottom of the tube, fractions were subjected to immunoblot analysis with either APA1/1 or anti-caveolin monoclonal antibodies. B, pulse-chase analysis of CD3-⑀ solubility in Triton X-100 during biosynthetic transport. MDCK cells in 35-mm Petri dishes were pulse-labeled for 5 min with [
35 S]methionine/cysteine and chased for the indicated times. At each time point, cells were extracted with 1% Triton X-100 at 4°C, and the detergent-soluble (supernatant (S)) and -insoluble fractions (pellet (P)) were separated by centrifugation. These fractions were subjected to immunoprecipitation with nonimmune mouse serum (NMS) or with APA1/1 antibodies, and the immunoprecipitates were analyzed by autoradiography. As a control of the fractionation procedure, all the fractions were analyzed by immunoblot with anti-caveolin antibodies. sides. Cells were lysed in 1% Triton X-100 plus 60 mM octyl glucoside, the lysates were then subjected to immunoprecipitation (Ip) with nonimmune mouse serum (NMS) or with SP34 or anti-E-cadherin antibodies, and the immunoprecipitates were fractionated by SDS-polyacrylamide gel electrophoresis and transferred to nitrocellulose. The nitrocellulose membrane was then incubated with streptavidin peroxidase (strp-po) to detect the incorporated biotin. L indicates the position of immunoglobulin light chain. C and D, polarity of the GH/CD3-⑀ chimeras. MDCK cells stably expressing either GH/CD3-⑀ TM (C) or GH/CD3-⑀ TMC (D) were polarized on polycarbonate filters and labeled with sulfo-N-hydroxysuccinimide-biotin from the apical (a) or basolateral (b) sides. Cells were lysed in 1% Triton X-100 plus 60 mM octyl glucoside, and the lysates were then subjected to immunoprecipitation (Ip) with anti-GH antibody (␣GH). The immunoprecipitates were electrophoresed and transferred to a nitrocellulose membrane. The nitrocellulose membrane was then incubated with streptavidin peroxidase (strp-po) to detect the presence of the chimeras at the apical or basolateral cell membranes (upper panels). As control for the immunoprecipitation procedure, the nitrocellulose membranes were stripped and reprobed with anti-GH antibody to assure that the GH chimeras were indeed present in both immunoprecipitates (middle panels). Finally, cell polarity was demonstrated after immunoprecipitation with the anti-E-cadherin antibody (␣CAD) followed by immunoblotting with streptavidin peroxidase (lower panels).
were transfected in MDCK cells, and cell clones that stably expressed the chimeric proteins were selected for analysis. After biotinylation of either the apical or the basolateral sides, cell monolayers were lysed in 1% Triton X-100 plus 60 mM octyl glucoside, and immunoprecipitation was performed with anti-GH antibodies followed by immunoblotting with streptavidin peroxidase (strp-po). Unexpectedly, the transmembrane domain of CD3-⑀ targeted GH to the basolateral membrane (Fig.  5C, upper panel, GH/⑀TM) . As a control of the immunoprecipitation procedure, the nitrocellulose membrane was stripped after the probing with streptavidin peroxidase and reprobed with anti-GH antibody to show that GH/CD3-⑀TM was indeed present in the GH immunoprecipitates obtained from both the apical and the basolateral-labeled cell lysates (Fig. 5C, middle  panel) . In addition, as a control for cell polarity, the same lysates were immunoprecipitated with anti-E-cadherin antibody followed by immunoblotting with streptavidin peroxidase to demonstrate the exclusive presence of E-cadherin on the basolateral membrane, in agreement with previous reports (Fig. 5C, lower panel) (22) . Since the GH/⑀TM chimera was immunoprecipitated from both cell lysates (middle panel) but it was only biotinylated when biotin was added to the basolateral side of the cell monolayer (upper panel), the results shown in Fig. 5C imply the existence of a basolateral determinant in the transmembrane region of CD3-⑀. On the other hand, Fig. 5D shows in a similar experiment that the presence of the cytoplasmic tail neutralized the transmembrane basolateral determinant, resulting in a nonpolarized delivery of the GH chimera (GH/⑀TMC). These results suggest that there are at least three different sorting determinants in CD3-⑀: 1) a basolateral sorting determinant in the transmembrane domain responsible for the basolateral targeting of GH/⑀TM, 2) a dominant apical sorting determinant in the ectodomain that neutralizes the transmembrane basolateral determinant in CD3-⑀ t and is sufficient to target CD3-⑀ to the apical membrane, and 3) a sorting determinant in the cytoplasmic tail that either neutralizes the transmembrane basolateral signal or expresses a co-dominant apical sorting signal that is unable to target the GH/⑀TMC protein exclusively to the apical surface.
In the transmembrane proteins previously analyzed, the apical sorting determinant was located to the ectodomain (4) . N-Glycans constitute apical sorting signals for at least some secretory proteins (11) that are routed to the apical surface following a glycolipid-independent pathway (27) . It has been proposed that N-glycans might be the sorting signals for apical transmembrane glycoproteins as well (12) . An alternative possibility is that although sorting signals may exist in internal domains of apical N-glycosylated membrane proteins, the removal of these signals in anchorless mutants might be masked by the N-glycans that would act as dominant apical sorting signals in the resulting secretory proteins. While this manuscript was under revision, apical secretion of a nonglycosylated form of hepatitis B envelope antigen was described (24) , suggesting that at least for secretory proteins, signals other than N-glycosylation may exist. However, it remained to be determined whether membrane proteins could or could not have other types of signals. According to the results shown here, this seems to be the case for CD3-⑀. Since CD3-⑀ is not glycosylated, it appears that CD3-⑀ contains an apical determinant in its ectodomain other than N-glycans.
Although in this work, CD3-⑀ has been used as a tool to study possible apical sorting signals different from N-glycosylation in transmembrane proteins, it remains to be determined whether these signals could have a physiological role in T cells. Because isolated chains of wild type CD3-⑀ are retained in the ER, a mutant in the ER retention signal had to be used to allow surface expression (21) . In T cells, CD3-⑀ is transported to the cell surface after assembly with the other T cell receptor/CD3 components, forming a complex in which the ER retention signal is probably masked (18, 28) . It has been recently postulated that apical and basolateral routes to the plasma membrane exist even in cells that do not differentiate apical and basolateral membrane subdomains (29, 30) . If this was the case in T cells, the use of apical pathways by CD3-⑀del12 in MDCK cells could suggest that a similar route of transport might be used in T lymphocytes by the newly assembled T cell receptor⅐CD3 complex following masking of the ER retention signal present in CD3-⑀.
In summary, we have found that CD3-⑀ is targeted to the apical membrane in MDCK cells in the absence of N-glycosylation by a pathway not involving glycolipid-enriched vesicular carriers. Moreover, molecular dissection of CD3-⑀ revealed the existence of sorting determinants in each of the CD3-⑀ domains, suggesting that the apical localization of CD3-⑀ results from the concerted effect of multiple sorting signals organized in a hierarchical fashion. Taken together, these results indicate that the apical sorting machinery of MDCK cells is able to decode different sorting signals in CD3-⑀ and to route the protein to the apical surface by a pathway other than those involving glycolipid-dependent transport or N-glycan recognition.
